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ABSTRACT 



A description is given of a catheter for use during exami- 
nation of an object by means of a magnetic resonance (MR) 
imaging apparatus. Also described is a method of forming an 
MR image and of visualizing in the MR image a position of 
the catheter (10) introduced into an object to be examined 
and also of an MR imaging apparatus for carrying out such 
a method. The catheter (10) includes a transmission unit (11) 
and a transmission antenna (116) for forming and emitting, 
respectively, pulses of RF oscillations of a first frequency 
(fl) whereby nuclear magnetization is excited in a near field 
of the transmission antenna in the object to be examined, 
that is, in such a manner that this nuclear magnetization can 
be picked up by RF receiving coils of the MR imaging 
apparatus and reproduced in an MR image so as to visualize 
a position of the catheter. The method comprises essentially 
the switching over in an alternating fashion between a first 
mode of operation and a second mode of operation, the MR 
image being generated in the first mode of operation 
whereas the catheter is reproduced in the MR image in the 
second mode of operation. These modes of operation can 
also be simultaneously activated. 
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CATHETER FOR USE IN A MAGNETIC 
RESONANCE IMAGING APPARATUS 

[0001] The invention relates to a catheter for use during 
examination of an object by means of a magnetic resonance 
(MR) imaging apparatus. The invention also relates to a 
method of forming an MR image and of visualizing a 
position of a catheter, introduced into an object to be 
examined, in the MR image, as well as to an MR imaging 
apparatus for carrying out such a method. 

[0002] As is known, magnetic resonance imaging appara- 
tus are used not only for the examination but also for the 
treatment of a patient. In many cases a catheter is then 
introduced into the patient, and it must be possible to 
localize the catheter in the MR image. However, because the 
catheter is generally made of materials which are not visible 
in an MR image, steps must be taken so as to ensure that 
notably the tip of the catheter can be reliably recognized 
without affecting the patient. 

[0003] In principle a distinction is made between passive 
and active methods for this purpose. In the case of a passive 
method, for example, as known from WO 99/19739, one or 
more small resonant circuits at the tip of the catheter become 
visible in the MR image in that they cause an increase of the 
RF field (Bj field) in their immediate vicinity and hence 
increase the magnetization of the neighboring nuclear spins. 
The increase of the RF field is directly proportional to the 
quality factor of the resonant circuit. However, because this 
quality factor generally is very small, the resonant circuit 
must be switched on and off so as to enable its position, and 
hence the position of the catheter tip, to be determined by 
way of a subtraction method. Active switches (for example, 
diodes) which are switched in the resonant circuit for this 
purpose degrade the quality factor of the resonant circuit 
further, so that the magnetization (flip angle of the nuclear 
spins) is changed to a very small degree only, that is, notably 
in the case of complex body structures. Furthermore, the 
quality factor of the resonant circuit is particularly poor in 
the case of low field strengths, because the coil losses are 
then proportionally higher. 

[0004] EP 0 531 081 discloses an active system in which 
the catheter is provided with a transmission coil which is 
connected to an RF source and is fed with a comparatively 
low power, so that the coil generates an electromagnetic 
dipole field which is picked up by external receiving coils 
and evaluated so as to determine or track the position of the 
catheter. This active system, however, has a drawback in 
that, in addition to the catheter, wires which carry RF 
voltages must be introduced into the patient so as to supply 
the transmission coil with the RF power. This may give rise 
to undesirable heating of the tissue in the vicinity of the 
wires, so that operation can take place with a comparatively 
small power only. Moreover, the higher the frequency of the 
RF power, the higher the losses will be, so that this principle 
can be used only in the range of comparatively low frequen- 
cies. A low power in conjunction with low frequencies, 
however, may significantly affect the possibilities for local- 
izing the catheter. Furthermore, the amount of calculation 
work necessary for determining a suitably accurate position 
is comparatively large. Finally, the RF power emitted by the 
wires could cause disturbances in the MR image. 

[0005] Therefore, it is an object of the present invention to 
provide a catheter which is intended notably for use during 



the examination of a patient or another object by means of 
an MR imaging apparatus and can be visualized significantly 
better in an MR image while using comparatively few 
additional means. 

[0006] Furthermore, it is an object to provide a method of 
forming an MR image and of simply and clearly visualizing 
in the MR image a position of a catheter introduced into an 
object to be examined. 

[0007] In accordance with the invention there is provided 
a catheter which includes, as disclosed in claim 1, a trans- 
mission unit and a transmission antenna for generating and 
emitting, respectively, pulses of RF oscillations of a first 
frequency f t , which pulses excite a nuclear magnetization in 
the object to be examined in a near field of the transmission 
antenna in such a manner that said nuclear magnetization 
can be picked up by RF receiving coils of the MR imaging 
apparatus and reproduced in an MR image so as to visualize 
a position of the catheter. 

[0008] In this context the near field is to be understood to 
mean the zone which is enclosed by the transmission 
antenna as well as the zone outside the transmission antenna 
in which the RF field of the antenna is essentially concen- 
trated. 

[0009] Furthermore, in conformity with claim 7 of the 
invention there is provided a method of the kind set forth for 
using the catheter, which method is characterized in that 
switching over takes place between a first mode of operation 
and a second mode of operation in an alternating fashion, the 
RF transmission coil of the MR imaging apparatus being 
operative so as to generate an MR image of the object to be 
examined in the first mode of operation while the transmis- 
sion unit of the catheter is switched off, whereas in the 
second mode of operation the RF transmission coil is 
switched off and the transmission unit of the catheter is 
operative so as to excite nuclear magnetization in the near 
field of the transmission antenna, which nuclear magnetiza- 
tion is picked up by the MR imaging apparatus and repro- 
duced in the MR image formed in the first mode of opera- 
tion, thus visualizing the position of the catheter. 

[0010] As an alternative claim 8 discloses a second 
method of using the catheter which is characterized in that 
the RF transmission coil of the RF imaging apparatus and 
the transmission unit of the catheter are operative essentially 
simultaneously, so that intensified nuclear magnetization is 
excited in the near field of the transmission antenna, which 
nuclear magnetization is picked up by the MR imaging 
apparatus and reproduced in the MR image formed, thus 
visualizing the position of the catheter. 

[0011] Whereas the first method is generally to be pre- 
ferred, for given applications it may also be useful to operate 
the RF coil and the transmission unit of the catheter simul- 
taneously in conformity with the second method, for 
example, in order to carry out specific exarninations during 
localization of the (moving) catheter. 

[0012] The foregoing solutions combine the advantages of 
passive and active systems, without having to accept the 
essential drawbacks thereof. On the one hand, the accuracy 
of localization is exactly as high as in the case of the 
described passive system, but the local nuclear magnetiza- 
tion, and hence also the MR relaxation signal to be acquired, 
is essentially higher because of the active excitation. On the 
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other band, the means required for evaluating the signal 
received are significantly less than in the case of the 
described active system, because the signal is picked up by 
the RF receiving coils which are present in an MR imaging 
apparatus any way and can be processed and reproduced by 
the devices present therein. 

[0013] A special advantage of the first method resides in 
the fact that, because of the alternating modes of operation, 
mutual influencing or disturbing of the imaging on the one 
hand and the localizing of the catheter on the other hand is 
practically precluded. 

[0014] The dependent claims relate to further advanta- 
geous embodiments of the invention. 

[0015] The embodiments disclosed in the claims 2 and 5 
offer special advantages in respect of ease of manufacture of 
a catheter in accordance with the invention. The embodi- 
ment in conformity with claim 3 enables measurements to be 
performed at the same time in the tissue of a patient which 
surrounds the catheter, the measuring values being trans- 
ferred preferably by means of a method as claimed in claim 
9. The embodiments disclosed in the claims 4 and 6 are 
particularly advantageous with a view to the use of the 
catheter without complications, whereas a method as 
claimed in claim 10 even enables the supply lead through the 
catheter to be dispensed with. Finally, the claims 11 and 12 
describe a magnetic resonance imaging apparatus which is 
particularly suitable for carrying out the method. 

[0016] Further details, features and advantages of the 
invention will become apparent from the following descrip- 
tion of preferred embodiments which is given with reference 
to the drawing. Therein: 

[0017] FIG. 1 is a diagrammatic side elevation of an MR 
imaging apparatus; 

[0018] FIG. 2 shows a catheter in accordance with the 
invention, 

[0019] FIG. 3 shows a first block diagram of a transmis- 
sion unit, 

[0020] FIG. 4 shows a second block diagram of a part of 
the transmission unit, 

[0021] FIG. 5 shows equivalent diagrams of an antenna of 
the transmission unit, 

[0022] FIG. 6 illustrates the principle of a microchip with 
a transmission unit, 

[0023] FIG. 7 shows various embodiments of the catheter, 

[0024] FIG. 8 shows a preferred embodiment of the 
catheter, 

[0025] FIG. 9 shows a first embodiment of the tip of a 
catheter, 

[0026] FIG. 10 shows a second embodiment of the tip of 
a catheter, 

[0027] FIG. 11 shows further alternative embodiments of 
the tip of a catheter, 

[0028] FIG. 12 shows frequency spectra of the signals 
emitted by the transmission unit, 

[0029] FIG. 13 is a side elevation of an array comprising 
a plurality of receiving antennas, and 



[0030] FIG. 14 is a three-dimensional view of the arrange- 
ment of receiving antennas. 

[0031] FIG. 1 shows the essential components of an MR 
imaging apparatus which relate to the generating and acqui- 
sition of magnetic fields in an examination zone 1. Above 
and below the examination zone 1 there are provided 
respective magnet systems 2, 3 which serve to generate a 
basic magnetic field (B 0 field) as well as gradient magnetic 
fields in known manner. The basic magnetic field traverses 
a patient P essentially in a direction perpendicular to the 
longitudinal axis of the patient (that is, generally in the 
vertical direction). 

[0032] Flat, or at least flattish, RF conductor structures 
(flat resonators) in the form of RF transmission coils 4 and 
RF receiving coils 5 serve to generate RF pulses (Bj field) 
whereby the nuclear spins are excited in the tissue to be 
examined as well for the detection of subsequent MR 
relaxation processes in the tissue, said RF transmission and 
receiving coils being arranged on the magnet systems 2 and 
3, respectively; additionally, or alternatively, a local RF 
receiving coil 6 may also enclose the part of the patient P to 
be examined. 

[0033] As an alternative for this so-called vertical system, 
the catheter in accordance with the invention can also be 
used in axial systems in which the basic magnetic field 
traverses the patient essentially in the direction of the 
longitudinal axis of the patient. Such systems are known per 
se and comprise a tubular examination space in which the 
patient is introduced in the axial direction. 

[0034] A catheter 10 is often use to perform a treatment on 
the patient P or to take a tissue sample, the catheter being 
introduced into the patient and its position being visualized 
on a display screen. 

[0035] To this end, there is provided a switching unit 41 
which is connected to the catheter 10 by way of a first output 
A and to the RF transmission coils 4 by way of a second 
output B. The catheter 10 and the RF transmission coils 4 
can be manually or automatically controlled by means of the 
switching unit in such a manner that they are alternately or 
essentially simultaneously operative in the manner to be 
described hereinafter. 

[0036] In the alternating mode (first method), switching 
over takes place between two modes of operation. In the first 
mode of operation, the RF transmission coil 4 of the MR 
imaging apparatus is operative in known manner so as to 
form an MR image of the object to be examined, and the 
transmission unit U of the catheter 10 is switched off. 

[0037] In the second mode of operation, on the one hand 
the RF transmission coil 4 is switched off. On the other hand, 
an activated transmission unit arranged at the tip of the 
catheter excites a local nuclear magnetization (that is, in the 
near field of a transmission antenna of the catheter) by 
emission of RF pulses of a first frequency f l9 and the 
resultant MR relaxation events are received by the RF 
receiving coils 5, 6. The signal received serves to reproduce 
the position of the catheter lip in the MR image. 

[0038] In the simultaneous mode of operation (second 
method), the RF transmission coils of the MR imaging 
apparatus and the transmission unit of the catheter are 
activated essentially simultaneously, so that an intensified 
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nuclear magnetization is excited in the near field of the 
transmission antenna; such intensified nuclear magnetiza- 
tion is detected by the RF receiving coils 5, 6 and is 
reproduced in the MR image formed so as to visualize the 
position of the catheter. 

[0039] The transmission unit may also include sensors for 
picking up given properties of the surrounding tissue. In that 
case the measuring values of the sensors are applied, by way 
of modulation and emission of electromagnetic waves of a 
second frequency f 2 (or of acoustic or optical waves), to a 
receiving and evaluation unit 42 which includes a receiving 
antenna array 7x, Hx (see FIGS. 13 and 14) so as to be 
further processed or displayed in known manner. 

[0040] FIG. 2 is a diagrammatic representation of a cath- 
eter 10 in accordance with the invention. At the tip of the 
catheter, or in a position which is situated at a small distance 
therefrom, there is provided a microchip 11 (additionally 
shown at an enlarged scale) which includes the transmission 
unit. The microchip includes all components necessary for 
generating RF electromagnetic waves. At the other end of 
the catheter 10, that is, the end situated outside the patient, 
there is provided a supply and control unit 12 via which a 
supply and control lead which is guided through the catheter 
is connected to the microchip 11. 

[0041] FIG. 3 shows a block diagram of the microchip 11 . 
The microchip includes an energy converter 112 which is 
connected to the supply and control lead 111 and supplies a 
preferably voltage-controlled RF oscillator 113 (VCO) with 
a suitable supply voltage. The RF oscillator 113 is also 
controlled via the lead 111 and includes a switch-off unit 
113a. An output of the RF oscillator is connected to at least 
one transmission antenna 116 for the emission of the gen- 
erated electromagnetic waves of a first frequency f r The 
first frequency fj serves to generate a local B 2 field whereby 
a nuclear magnetization is excited in the tissue in the near 
field of the transmission antenna 116. 

[0042] Also provided on the microchip 11 are one or more 
sensors 114 for picking up temperatures, pressures, pH- 
values or other parameters of the surrounding tissue. The 
output signals of the sensors are applied to a modulator 115 
for modulating the frequency, amplitude and/or phase of the 
electromagnetic waves of a second frequency f 2 which are 
generated by the RF Oscillator 113, so that the sensor signals 
can be transmitted in a wireless manner, via the transmission 
antenna 116, to the receiving and evaluation unit 42, situated 
outside the patient, so as to be evaluated for diagnostic 
purposes. 

[0043] As is shown in FIG. 4, a sensor may also be a 
resonant circuit 114a or an inductance such as, for example, 
a separate MR receiving coil whereby the MR relaxation 
process or processes in the near field of the sensor subse- 
quent to the excitation with the first frequency fj are picked 
up. This sensor 114a is connected to the input of a pream- 
plifier 115a whose output is connected to the oscillator 113, 
so that the excited MR relaxation events can also be emitted, 
via the transmission antenna 116, in the form of a suitable 
modulation of the second frequency f 2 , that is, if they are not 
picked up by the RF receiving coils 5, 6. In this case the 
catheter should be localized by direction finding of the 
receiving direction in different projections; preferably a 
plurality of suitably arranged receiving antennas is used for 
this purpose. 



[0044] When the first frequency and the second frequency 
are close enough to one another, a common transmission 
antenna 116 can be used for the two frequencies. When 
separate transmission antennas are provided, the transmis- 
sion antenna for the first frequency can also serve as the 
sensor 114a for picking up the MR relaxation events. 

[0045] The oscillator may be constructed, for example as 
a Colpits oscillator or a Hartley oscillator and includes one 
or more resonant circuits as well as a switch-off unit 113a 
(essentially a diode) for switching off the resonant circuits so 
as to avoid induction phenomena when the RF transmission 
coils 4 emit RF pulses (generating the Bj field) in order to 
excite the nuclear spins in the object to be examined. 

[0046] The transmission antenna 116 may be formed by 
one or more microcoils which form, in conformity with 
FIG. 5, either a short rod antenna (a) or are connected, for 
example, so as to form a parallel resonant circuit (b) which 
is capacitively coupled to the oscillator 113. These coils are 
preferably wound directly around the tip of the catheter, that 
is, separate from the microchip (FIGS. 8 to 11). 

[0047] The microchip 11 is formed, for example, as a 
silicon chip in a bipolar technique or on the basis of a glass 
or a ceramic material. A chip of this kind, occupying a 
surface area of no more than from approximately 1 to 4 
mm 2 , can be integrated directly in the tip of the catheter and 
is diagrammatically shown in a plan view in FIG. 6. 

[0048] Various assemblies which form respective elec- 
tronic functional units are indicated on the chip. These 
functional units include the oscillator 113 which receives 
electric power via the energy converter 112, a sensor and 
modulator unit 114, 115 which includes one or more sensors 
with associated measuring data modulators, the preamplifier 
115a as well as the switch-off unit 113a for the oscillator 113 
or the transmission antenna 116. Furthermore, one or more 
inductances (planar coils) L and capacitances C, constituting 
one or more resonant circuits of the oscillator 113, are also 
printed as appropriate conductor tracks on the chip U. 

[0049] The power supply and control of the microchip 11 
take place via the supply and control lead 111, various 
embodiments of which are shown in FIG. 7. 

[0050] In the simplest case, this lead is formed by a thin 
wire as shown in FIG. 7(a). In order to avoid a temperature 
increase due to resonance effects, the supply lead 111 is 
preferably made of resistance wire alloys having a resistance 
of more than 500 ohms/m. Alternatively, the supply lead 
may also be formed as an alternating sequence of short 
copper wire leads and resistance wire leads of a length 1 of 
each time l«X/4 (X-wavelength of the emitted energy) in 
order to reduce the low-frequency overall resistance and 
avoid standing waves. Furthermore, a parallel connection of 
a plurality of very thin supply wires is also possible. In most 
cases it suffices to provide only one conductor (forward 
conductor) and to use the capacitance of the body of the 
patient as the return conductor. 

[0051] A plurality of diodes 111a may be connected in 
series in the supply lead as shown in FIG. 1(b) so as to avoid 
that it tends to resonate. In order to preclude an excessive 
current through the supply lead in all cases, in conformity 
with FIG. 7(c) a plurality of serial fuses 111b is provided so 
as to interrupt the lead when a limit current is exceeded. In 
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order to suppress RF currents, in conformity with FIG. 1(d) 
a plurality of inductances Ulc may also be connected in 
series in the supply lead. 

[0052] FIG. 1(e) shows a further embodiment of the 
supply lead 111. This lead forms a coaxial cable which 
comprises an inner conductor Ilia* enclosed by an outer 
conductor llle which is formed as a shield. Furthermore, a 
plurality of X/4 leads 111/ is arranged along the coaxial 
cable, one end of said XI4 leads being connected to the outer 
conductor llle whereas their other end is open. Finally, the 
coaxial cable and the X/4 leads preferably are also enclosed 
by an insulating sheath lllg. The propagation of RF currents 
via the supply lead, and hence the risk of resonances, is 
avoided again in this embodiment. 

[0053] Finally, FIG. 1(f) shows a further version of the 
supply lead shown in FIG. 7(6). It is a coaxial lead in the 
inner conductor Ilia* of which a first plurality of diodes lll/i 
is connected in series in a first current direction, whereas a 
second plurality of diodes Mlk which are connected in 
series in a second, opposite current direction is inserted in 
the outer conductor llle. The first diodes 111A and the 
second diodes Hlk are arranged so as to be offset relative to 
one another. 

[0054] The supply lead 111 may also be an optical fiber. In 
that case the energy converter 112 is an optoelectronic 
converter which forms the necessary supply voltage from 
the light. 

[0055] In all of the above cases the supply lead 111 is 
suitable not only for the transfer of energy, but also for the 
control of the microchip and notably of the RF oscillator 
( VCO) so as to switch over between the first and the second 
frequency. 

[0056] Because the RF transmission coil 4 and the trans- 
mission antenna 116 generally are operative in an alternating 
fashion, the microchip 11 can also be inductively supplied 
with the necessary power. To this end, for example, the field 
of the RF transmission coil 4 can be used to induce a voltage 
in the transmission antenna 116 (or another inductance), said 
voltage being capacitively stored and used to operate the 
microchip. In that case the supply lead 111 serves only for 
the control of the VCO 113. Even though the transmission 
power of the oscillator 113 is then smaller, of course, it 
generally suffices at least in the cases where use is made of 
an RF receiving coil 6 which is arranged directly around the 
part of the patient to be examined. 

[0057] Feasible embodiments of the tip of the catheter will 
be described in detail hereinafter with reference to the FIGS. 
8 to 11. 

[0058] FIG. 8 is a diagrammatic cross-sectional view of 
the front part of a catheter 10 and its tip. A catheter sleeve 
10a, enclosing a catheter lumen 10b t accommodates the 
supply lead 111 (denoted by dashed lines). The lead termi- 
nates at the microchip 11 which is also accommodated in the 
catheter sleeve 10a. Finally, at the area of the front end of the 
catheter a microcoil (KMR coil) which serves as a trans- 
mission antenna 116 and whose turns are also situated in the 
catheter sleeve 10a is wound around the catheter, 

[0059] The tip of the catheter may also be constructed as 
an expansion catheter 101 as shown in FIG. 9. In this case 
the turns of the coil 116 are provided in a wall 101a of the 



expansion catheter which is in known manner slid out of the 
catheter sleeve 10a so as to be expanded subsequently by 
means of a pulling wire 102 which extends through the 
catheter as far as its other end, or to be expanded automati- 
cally. The microchip 11 which is supplied with electric 
power and is controlled via the supply lead 111, in this case 
extending through the catheter lumen 106, is again diagram- 
matically indicated in this representation. 

[0060] FIG. 10 shows a further embodiment of the tip of 
the catheter which is formed by two orthogonal expansion 
catheters 101, 101', in the walls 101a of which there are 
again provided turns of one or more microcoils 116. The 
expansion catheters 101, 101' may also be expanded by way 
of the pulling wire 102 or automatically when slid out of the 
catheter sleeve 10a. The expansion catheter can be formed 
in such a manner that it is at the same time rotated about its 
longitudinal axis when the pulling wire 102 is pulled, so that 
it assumes a helix -like shape. The effect of the microcoils 
116 can thus be optimized. Finally, the microchip 11 as well 
as the supply lead HI and the pulling wire 102 which extend 
through the lumen 106 of the catheter are diagrammatically 
indicated again in this representation. 

[0061] FIG. 11 shows this expansion catheter and other 
expansion catheters once more in separate views. In addition 
to the simple loop 101 (FIG. 11a) in conformity with FIG. 
9 as well as the two orthogonal loops 101, 101' (FIG. life) 
in conformity with FIG. 10, a coil-like expansion catheter 
(FIG. 11c) as well as a multi-loop expansion catheter (FIG. 
lid) can be used. The type of expansion catheter is chosen 
not only in dependence on the organ to be treated, but also 
with a view to achieving an optimum effect, that is, optimum 
nuclear magnetization, of the microcoils 116 formed by the 
individual loops. 

[0062] The operation of the catheter in accordance with 
the invention will be described in detail hereinafter with 
reference to the FIGS. 12 to 14. 

[0063] FIG. 12(a) shows the relative position of the two 
frequencies produced by the RF oscillator 113, that is, the 
first frequency f x (NMR frequency) of RF pulses for gen- 
erating the B x field whereby nuclear magnetization is excited 
in a near field around the transmission antenna (or the 
microcoil (coils)) 116, as well as the second frequency f 2 of 
an RF carrier whereby the measuring values and data picked 
up by the sensors 114, 114a are transferred to the receiving 
and evaluation unit 42 by frequency, amplitude or phase 
modulation. The first frequency fj is dependent on the 
strength of the basic magnetic field and lies between 
approximately 8 and 128 MHz for a range of the field 
strength of between 0.2 and 3 Tesla. 

[0064] The second frequency f 2 may also be higher than 
the first frequency f ls and each frequency may also be 
associated with a respective transmission antenna 116 and be 
connected to the oscillator output accordingly. 

[0065] Furthermore, FIG. 12(6) also shows a typical short 
burst pulse with which the oscillator 113 emits electromag- 
netic waves of the first frequency f r The phase, the ampli- 
tude and the on/off times of the RF pulse as well as the 
bandwidth of the burst pulse can be varied so as to excite, 
by way of a corresponding adjustment of these variables, a 
nuclear magnetization to a different degree (for example, in 
dependence on the location in which the catheter is situated 
within the patient) or in an optimized manner. 
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[0066] During the examination of a patient by means of an 
MR imaging apparatus utilizing a catheter in accordance 
with the invention, switching over between two modes of 
operation preferably takes place in an alternating fashion. 

[0067] In the first mode of operation the MR imaging 
apparatus is operative so as to form an MR image of the 
region to be examined in known manner, that is, the nuclear 
spins aligned by the basic magnetic field (B 0 field) are 
deflected, by the RF pulses (B A field) generated by the RF 
transmission coils 4, through a so-called flip angle (excita- 
tion by nuclear magnetization) and the subsequent relaxation 
events are detected by the RF receiving coils 5, 6 and 
localized so as to perform imaging by means of the gradient 
magnetic fields. The resonant circuit L, C of the oscillator 
113 as well as preferably the transmission antenna 116 are 
then interrupted or separated from the oscillator by the 
switch-off unit 113, so that no currents can be induced 
therein. Furthermore, in this first mode of operation the 
voltage induced in the transmission antenna 116 of the 
microchip 11 (or in another inductance) can be capacitively 
stored. 

[0068] In the second mode of operation the catheter 10 
introduced into the patient is localized and reproduced in the 
MR image. In this mode of operation the RF transmission 
coils 4 are inactive and the VCO oscillator 113 is controlled 
in such a manner that the emission of electromagnetic waves 
of the first frequency t l9 that is, in the form of burst pulses 
(Bj field), excites nuclear magnetization in the near field of 
the transmission antenna 116 (for example, a microcoil). The 
subsequent MR relaxation events are picked up again by the 
RF receiving coils 5, 6, localized by means of the gradient 
magnetic fields and reproduced in the MR image formed in 
the first mode of operation. In order to optimize the visibil- 
ity, the amplitude, the frequency and/or the phase of the 
burst pulses preferably are adjustable. 

[0069] Furthermore, in this second mode of operation the 
second frequency f^ is amplitude modulated, frequency 
modulated and/or phase modulated, that is, by means of the 
measuring data modulator 115, with the measuring data 
picked up by the sensors 114, 114a so as to be emitted. 
Switching over between the first frequency and the second 
frequency preferably takes place in an alternating fashion by 
appropriate control of the (voltage-controlled) RF oscillator 
113 via the supply lead 111. 

[0070] For the reception of the measuring data emitted 
with the second frequency f 2 by the transmission unit 11 of 
the catheter 10, a plurality of local receiving antennas Ix, 8x 
is provided in the case of a vertical system as shown in the 
FIGS. 13 and 14, each of said antennas being arranged at 
the periphery of a first planar RF shield 71 and a second 
planar RF shield 81, thus constituting a first antenna array 7 
and a second antenna array 8. The RF shields 71, 81 are 
situated above and below the patient P in the examination 
space 1, that is, essentially at the area where the RF 
transmission coil 4 and the receiving coil 5 are arranged. 
Consequently, only a small transmission power is required 
for the oscillator 113, so that the current through the supply 
lead 111 is small and hence inductive voltage supply by the 
RF pulses generated during the first mode of operation 
possibly suffices. FIG. 13 is a longitudinal sectional view of 
the tubular examination space in the case of an axial system 
of the kind set forth. 



[0071] Each of the receiving antennas lx y Sx is connected 
to a diversity switch 9 whereby switching over to the 
receiving antenna which is each time nearest to the catheter 
takes place. The demodulation and the evaluation of the 
received measuring data take place by means of the receiv- 
ing and evaluation unit 42 (FIG. 1) and while utilizing a 
method that is known per se. 

[0072] Alternatively, it would also be possible, that is, if 
the transmission power is sufficiently high, to evaluate the 
amplitudes and the phases of all antenna signals 7x, Sx and 
to calculate the position of the tip of the catheter (that is, of 
the transmission antenna 116) relative to the first and the 
second antenna array 7, 8 in known manner on the basis of 
the amplitude differences and the phase differences. 

1. A catheter for use during examination of an object by 
means of an MR imaging apparatus, characterized in that on 
the catheter (10) there are mounted a transmission unit (11) 
and a transmission antenna (116) for generating and emit- 
ting, respectively, pulses of RF oscillations of a first fre- 
quency (fj), which pulses excite nuclear magnetization in 
the object to be examined in a near field of the transmission 
antenna in such a manner that said magnetization can be 
picked up by RF receiving coils of the MR imaging appa- 
ratus and reproduced in an MR image so as to visualize a 
position of the catheter. 

2. A catheter as claimed in claim 1, characterized in that 
the transmission unit is formed by a microchip (11) which 
includes an oscillator (113) and is accommodated in a wall 
(10a) of the catheter. 

3. A catheter as claimed in claim 2, characterized in that 
the microchip (11) includes at least one sensor (114, 114a) 
for the acquisition of measuring values of the object to be 
examined, as well as a modulator (115) for modulating RF 
oscillations of a second frequency (Q, generated by the 
oscillator (113), with the measuring values of the sensor in 
such a manner that the measuring values can be transferred 
for evaluation to a receiving and evaluation unit (42) which 
is situated outside the object to be examined. 

4. A catheter as claimed in claim 1, characterized in that 
the transmission unit (11) is connected, via a lead (111) 
which is guided through the catheter (10), to a power supply 
and/or control unit (12) which is situated outside the object 
to be examined. 

5. A catheter as claimed in claim 1, characterized in that 
the transmission antenna is formed by at least one microcoil 
(116) which is wound around the catheter (10). 

6. A catheter as claimed in claim 1, characterized in that 
the tip of the catheter is constructed as an expansion catheter 
(100, 101 *) and that the transmission antenna (116) is formed 
by turns of at least one microcoil which extend in walls 
(lOlfl) of the expansion catheter. 

7. A method of forming an MR image of an object to be 
examined by means of a magnetic resonance imaging appa- 
ratus as well as of visualizing in the MR image a position of 
a catheter as claimed in claim 1 which is introduced into the 
object to be examined, characterized in that switching over 
takes place between a first mode of operation and a second 
mode of operation in an alternating fashion, the RF trans- 
mission coil (4) of the MR imaging apparatus being opera- 
tive so as to generate an MR image of the object to be 
examined in the first mode of operation while the transmis- 
sion unit (11) of the catheter (10) is switched off, whereas in 
the second mode of operation the RF transmission coil (4) is 
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switched off and the transmission unit (11) of the catheter is 
operative so as to excite nuclear magnetization in the near 
field of the transmission antenna (16), which nuclear mag- 
netization is picked up by the MR imaging apparatus and 
reproduced in the MR image formed in the first mode of 
operation, thus visualizing the position of the catheter. 

8. A method of forming an MR image of an object to be 
examined by means of a magnetic resonance imaging appa- 
ratus, as well as of visualizing in the MR image a position 
of a catheter as claimed in claim 1 which is introduced into 
the object to be examined, characterized in that the RF 
transmission coil (4) of the MR imaging apparatus and the 
transmission unit (11) of the catheter (10) are operative 
essentially simultaneously so that intensified nuclear mag- 
netization is excited in the near field of the transmission 
antenna (16), which nuclear magnetization is picked up by 
the MR imaging apparatus and reproduced in the MR image 
formed, thus visualizing the position of the catheter. 

9. A method as claimed in claim 7 or 8, characterized in 
that during operation of the transmission unit (11) of the 
catheter (10) switching over takes place in an alternating 
fashion between a first and a second frequency (f a , f 2 ), the 
first frequency (fj) being chosen to be such that the nuclear 
magnetization in the near field of the transmission antenna 
(116) is excited and the second frequency (Q serves to 



transfer measuring values of the object to be examined, as 
picked up by sensors (114, 114a), to a receiving and evalu- 
ation unit (42). 

10. A method as claimed in claim 7 or 8, characterized in 
that during operation of the RF transmission coil (4) a 
voltage is induced in an inductance of the transmission unit 
(11), said voltage charging a capacitance which serves as a 
supply voltage source for the transmission unit (U) during 
operation of this unit. 

11. A magnetic resonance imaging apparatus for carrying 
out the method claimed in claim 7 or 8, characterized in that 
it includes a switching unit (41) for manually and/or auto- 
matically activating the operation of the RF transmission 
coil (4) and the transmission unit (11), that is, in an alter- 
nating fashion or essentially simultaneously. 

12. A magnetic resonance imaging apparatus for carrying 
out the method claimed in claim 9, characterized in that it 
includes a receiving and evaluation unit (42) provided with 
a receiving antenna array (7x, &x) for receiving and evalu- 
ating the measuring values from the sensors (114, 114a) 
which are emitted with the second frequency (Q by the 
transmission unit 11. 

* * * * * 
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